Particleboard quality characteristics of saline Jose Tall Wheatgrass and chemical treatment effect showed superior qualities compared with those made with UF, regardless of the use of 7 NaOH treatment. The NaOH treatment deteriorated the qualities of the particleboards, but 8 did not affect the contact angles between the adhesives and JTW. The results, also, showed 9 that both mechanical strength and the water resistance were improved as particleboard 10 density increased. Particleboard using the particles of 8% initial moisture content had the 11 highest qualities. 12 13
. NaOH was used to remove the wax and ash from 1 the JTW surface in this study. 1M NaOH solution was prepared with 50°C distill water. 2
The JTW particles were soaked in NaOH solution at a ratio of 1:10 (g/ml) at 50 °C for 30 3 min. The treated JTW particles were washed three to five times using 50°C water until the 4 pH of washing water reached about 7. The washed particles were then dried in ambient air 5 to a MC of 8%. 6 7
Experimental design and data analysis 8 9
To determine the effect of density on the properties of JTW particleboard, the PMDI 10 content and the MC of particles were controlled at 4% based on the dry weight of JTW 11 particles and 8%, respectively. Five densities of the particleboards were studied: 0.71, 0.72, 12 0.73, 0.74 and 0.75g/cm 3 . The results of density tests showed that the properties of 13 particleboards with density of 0.73g/cm 3 were sufficient to meet the M-2 mechanical 14 requirement for industrial usage. Therefore, a density of 0.73g/cm 3 was chosen for all the 15 subsequent experiments unless specified otherwise. 16
Because MC was expected to have significant effect on the properties of finished 17 particleboards, the initial MC of JTW particles were adjusted to 2%, 4%, 6%, 8% and 10% 18 by oven drying and used to produce particleboards, using 4% PMDI and 0.73g/cm 3 density. 19
To determine the effect of adhesives and NaOH treatment of JTW on the 20 mechanical strength and water resistance of particleboards, a 2×2 factorial experimental 21 design was conducted for evaluating the qualities of particleboards. The two factors were 22 PMDI and UF, with two levels of NaOH treated and non-treated particles. The UF and 23 PMDI resin contents were kept at 7% and 4%, respectively (Mo et al., 2003; Youngquist, 1 1999). The initial MC of particles and finial density of particleboards were 8% and 2 0.73g/cm 3 , respectively. 3 For all the experiments described above, data were analyzed using a SAS software 4 package (SAS Institute, Raleigh, N.C., 1992). Analysis of variance (ANOVA) and least 5 significant difference (LSD) (α=0.05) were used to differentiate the treatment means. All 6 reported values are the average of three replicates. 7 8
Particleboard manufacturing 9 10
Particleboards were fabricated according to the procedures outlined in the Wood 11
Handbook (Youngquist, 1999) . The UF or PMDI was mixed with the JTW particles using a 12 mixer (Model KP267XBK; KitchenAid, Greenville, OH) for 8 min at room temperature. 13
When UF resin was used, 1% (w/w) (NH 4 ) 2 SO 4 based on the solid weight of UF was used 14 as a curing catalyst. The particles with resin were then prepressed into a single layer mat in 15 a 22.8cm×22.8cm wood mold. 16
To study the effect of density on the properties of particleboards, different densities 17 were achieved by using the theory proposed by Yossifov (1988) to calculate the amount of 18 resin and wood particles required to achieve a specific particleboard density for a given 19 resin content. The prepressed mat was then put into hot press (Model 3891 Auto "M", 20
Carver, Inc., Wabash, IN) to make the final particleboard. The hot press used removeable 21 steel stops to achieve a constant volume (thickness) of particleboard. For PMDI 22 particleboards, the pressure, temperature and time were set at 2 MPa, 140°C, and 8 min, Inc.) to calculate the particleboard volume. The board density was determined as the ratio 21 of the mass of the board to the volume after the particleboard was conditioned at 65% RH 22 and 20°C for 72 h. 23
Contact Angle Measurements 1 2
Contact angles between adhesives and JTW (treated and untreated) were measured 3 to determine the compatibility between the adhesives and JTW particles, using a contact 4 angle goniometer (Model 100, Ramé-hart Instrument Co.), under standard conditions (50% 5 RH at 23°C) (Boquillon et al., 2004) . Relatively large leaf sheathes of JTW flake were 6 flattened and cut into 1 cm×3 cm rectangular pieces. Structurally, JTW differs from wheat 7 straw. The inner surface of JTW leaf sheath is more visibly glossy than outer surface, 8 which means the inner surface has more wax than outer surface. Therefore, the method 9 described by Boquillon et al (2004) was modified and applied in this study. The outer 10 surface was attached to 5 cm×5 cm square glass using epoxy resin. Immediately after 11 attachment, 5 μl of resin was dropped onto the JTW inner surface by syringe. The contact 12 angle between JTW inner surface and adhesives, UF or PMDI, was then observed over a 2 13 min period, with a measurement recorded every 5 s. 14 15
Results and Discussions 16 17

Effect of particleboard density 18 19
The mechanical properties and water resistance of particleboards increase 20 significantly with the increase of particleboard density (Table 1) . At constant volume, 21
higher density particleboard has larger contact surface area between particles, making the 22 adhesive function more effectively, compared with the lower density particleboard. In 23 addition, high density particleboard has less void volume, which results in better water 1 resistance. Choosing proper particleboard density is a very important step in particleboard 2 industry, and proper level of density may be determined based on the intended application 3 requirements (Youngquist, 1999) The initial MC of JTW particles had significant effects on the qualities of finished 21 particleboards. When the initial MC increased from 2% to 8%, the properties of 22 particleboard were improved (Table 3) . However, as the MC increased from 8% to 10%, 23 board qualities diminished. As MC varied from 8% to 10%, the MOR and However, at 10% MC, swelling and cracking in panels from the high water vapor pressure 12 produced and accumulated in the particleboard during the hot press process was observed. 13
The bonding strength of particleboards is reduced at high MC due to more isocyanate 14 groups in the PMDI reacting with water than with JTW. The adverse effect of high MC of 15 particles could be partially reduced by increasing the pressing time. Decreasing the pressure 16 releasing rate can also help prevent panels from cracking, and reducing the size of finished 17 particleboards may be effective in reducing water vapor build-up in the particleboards. 18
Based on these results, 8% MC was used to study the effect of NaOH treatment on 19 particleboard quality. 20 21
Effect of NaOH treatment 22 23 13
In general, particleboards manufactured from NaOH treated particles showed lower 1 qualities than those made from untreated particles (Table 4) . But there was no significant 2 difference for either MOR of PMDI-bonded particleboard or IB of PMDI and/or UF-3 bonded particleboards. For PMDI-bonded particleboard, the MOE and TS significantly 4 decreased by 570.5 MPa and 1.47 MPa, respectively, with NaOH treatment. The short and 5 long term water absorption and thickness swelling, however, increased by about 200% 6 compared to the particleboard with untreated particles (Table 4) with some components of JTW, changing the surface and/or the internal structure of JTW, 11 which prevented the adhesives from bonding with JTW particles effectively. NaOH 12 treatment might have destroyed the capabilities of JTW to hold water during the hot-press 13 and decreased the affinity between PMDI and JTW, which would have prevented PMDI 14 from forming cross-linked polyureas with water in JTW and reduced the number of 15 chemical binding sites. Meanwhile, NaOH treatment increased the pH value and buffer 16 capacity of JTW, which inhibited the curing of the pH-sensitive UF, and led to a lower 17 quality of UF-bonded particleboard (Sauter, 1996) . 18
Regardless of NaOH treatment, the particleboards bonded with PMDI were of 19 better quality than those bonded with UF at the tested adhesive levels (Tables 4). The MOR  20 and TS of PMDI-bonded particleboard was about 3~4 times and 9~10 times, respectively, 21 greater than those of the UF-bonded particleboards. The PMDI-bonded particleboards had 22 much lower short and long term water absorption and thickness swelling compared to UF-23 14 bonded particleboards. PMDI was more effective in wetting the surface of the JTW than 1 UF, which enhanced chemical bonding through hydrogen bonds and polyurethane covalent 2 bonds. The isocyanate groups of PMDI could also react with water in the JTW to generate 3 cross-linked polyureas for better mechanical bonding (Chelak and Newman, 1991) . On the 4 contrary, the water-based UF could not effectively wet the JTW surface, penetrate, and 5 bond to the JTW hydroxyl groups due to the presence of hydrophobic and inorganic silica 6 on the JTW surface (Hague et al., 1998) . 7 8
Contact angle 9 10
Contact angle measurements between the JTW inner surface and the adhesives 11 confirmed the results of Section 3.3 (Table 4) . As shown in Figure 1 , for untreated JTW, 12 the initial contact angle of UF was 82° compared with 41° for PMDI, which indicates that 13 the wettability of the JTW by PMDI was much higher than that by UF because the PMDI 14 molecules were small and had both mechanical and chemical bonding abilities (Mo et al.,  15 2001). The poor wetting between JTW and UF partially explains the poor particleboard 16 qualities. For both adhesives, the contact angle reduction was 1° after 2 min, indicating a 17 very low adhesive absorbed by the JTW. This could be attributed to the low wettability 18
caused by extractives such as hydrophobic wax and inorganic silica at the JTW inner 19 surface. After NaOH treatment, the initial contact angle was reduced by 2° and 12° for 20 PMDI and UF, respectively. This indicates that the effect of NaOH treatment for UF was 21 more significant than for PMDI. However, the quality of particleboards with treated 22 particles was not improved even though the contact angle was decreased. For both PMDI 23 and UF, the contact angle reduction was less than 1° after 2 min. This result indicates that 1 the NaOH treatment did not enhance the wettability of the JTW surface. 2 3
Conclusion 4 5
The JTW is a suitable material for making high-quality PMDI-bonded 6 particleboards. The properties of PMDI-bonded particleboards were improved as the 7 density of finished particleboards was increased. Particleboards with density of 0.73g/cm 3 8 or higher exceeded the minimum mechanical property requirements for MOR, MOE, and 9 IB for type M-2 particleboard for industrial usage, based on U.S. Standard ANSI/A208.1. 10
In the tested range of initial particle MC (2% to 10%), 8% MC resulted in the best qualities 11 of PMDI-bonded particleboards. The UF-bonded particleboards made from NaOH treated 12 and untreated JTW had much lower qualities than boards bonded with PMDI. The results of 13 contact angles between JTW and adhesives showed better compatibility between JTW and 14 PMDI than that between JTW and UF. Regardless of board adhesive, NaOH treatment 15 reduced the qualities of the particleboards. 16
17
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